July 1986 


Journ. Jap. Bot. Vol. 61 No. 7 


217 


T. Pullaiah* & D. Sarada* : Embryology of 
Boerhavia erecta L. (Nyctaginaceae) 

T. 7° ? 'f 7* • D. -7 7 : Boerhavia erecta L. 

(ff 7 p -i ^'7f4) 


Nyctaginaceae is a small family of approximately 30 genera and 250-300 
species. Embryological investigations in the family are scanty and these have 
been reviewed by Davis (1966) and recently by Anisimova (1983). Although 
the genus Boerhavia comprises 40 species, embryology of this genus is studied 
only in two species. Maheshwari (1929) studied the embryology of B. diffusa 
while Bhargava (1932) studied B. repanda. Kajale (1936, 1937) gave an account 
of embryo and seed development in B. diffusa and B. repanda. Embryology of 
B. erecta L. has not been investigated earlier and hence the present inves¬ 
tigation has been undertaken. 

Material and methods The material for the present investigation was 
collected from the Tamilnadu Agricultural University campus, Coimbatore by 
T. Pullaiah. Flowers and fruits at different stages of development were fixed 
in formalin-acetic-alcohol (F.A.A). Usual methods of dehydration, infiltration 
and embedding were followed. Serial longitudinal and transverse sections were 
cut at a thickness of 2-5 /tm and were stained in Delafield’s haematoxylin. 

Observations Microsporangium, microsporogenesis and male gametophyte. 
Anther is tetrasporangiate (Fig. 1A). The young anther is at first a homo¬ 
genous mass of meristematic cells surrounded by epidermis. When the anther 
becomes lobed, a single row of archesporial cells get differentiated in each 
anther lobe. In longitudinal section the archesporial cells are two-celled (Fig. 
IB). Thus there are only eight archesporial cells per anther. 

The archesporial cells divide periclinally forming primary parietal cells and 
primary sporogenous cells (Fig. 1C). The cells of the primary parietal layer 
divide periclinally to form two layers (Fig. ID). The outer layer functions as 
endothecium while the one adjacent to the spore mother cells divides once more 
periclinally (Fig. IE) forming the middle layer and tapetum (Fig. IF, G). This 


Department of Botany, Sri Krishnadevaraya University, Anantapur 515003, A.P., India. 


— 25 



218 


wm 61 ^ 7 M 



Fig. 1. Boerhavia erecta. A. Transverse section of tetrasporangiate anther. B. Longitudinal 
section of anther lobe showing archesporium. C-G. Anther wall development (B-D, F. longi¬ 
tudinal sections; E.G. transverse sections). H. Tapetal cell. 1. Microspore dyad. J-L. Micro¬ 
spore tetrads. M-S. Stages in the development of pollen grain. 

type of anther wall development according to Davis (1966) is known as Mono- 
cotyledonous type. 

The epidermis persists in the mature anther as flattened layer. The hypo- 
dermal layer develops fibrous thickenings forming fibrous endothecium. The 
middle layer divides periclinally forming two layers. Anther tapetum is of the 
Glandular type. Its cells become two-nucleate during later stages (Fig. 1H). 
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The sporogenous cells function directly as pollen mother cells without any 
increase in the number. The pollen mother cells undergo meiotic division 
(Fig. II) resulting in pollen tetrads (Fig. 1J-L). Quadripartition of the micro¬ 
spores is by furrowing. Isobilateral pollen tetrads are more common but 
tetrahedral tetrads are also met with occasionally. 

The microspores soon after separation from the tetrads enlarge in size 
considerably (Fig. 1M-Q). The nucleus in the pollen grain divides and two 
unequal cells are formed (Fig. 1R). The smaller cell is the generative cell 
which during later stage gets pinched off into the pollen grain. Pollen grain 
at the shedding is 2-celled (Fig. IS). The exine is thick with minute projec¬ 
tions while the intine is thin. 

Ovary and ovule. The ovary is superior and unilocular with a single basal 
ovule which is unitegmic and crassinucellate. The ovule arises as a papillate 
outgrowth from the base of the ovary. Due to divisions on only one side of 
the ovule it gets curved and becomes anatropous (Fig. 2A, B). The ovule 
remains in the anatropous condition even at about 2-celled embryo stage. But 
later on the nucellus grows backwards and gets curved so that the ovule 
becomes campylotropous (Fig. 2C). The single integument is 3-6-layered in 
thickness. 

Megasporogenesis and female gametophyte. Female archesporium is hypo- 
dermal and single-celled. It undergoes periclinal division forming a parietal 
cell towards the surface and a megaspore mother cell towards inside. The 
parietal cell undergoes periclinal and anticlinal divisions forming a massive 
parietal tissues. The deep seated megaspore mother cell (Fig. 2D) undergoes 
meiosis resulting in a linear tetrad of megaspores (Fig. 2E). The chalazal 
megaspore is functional while the micropylar three megaspores degenerate. 

The functional megaspore elongates and enlarges and its nucleus which is 
centrally located undergoes mitosis to produce binucleate cell. The nuclei 
separate and move to the ends of the cell and undergo division to form a 
4-nucleate embryo sac (Fig. 2F). A large central vacuole is present at this 
4-nucleate embryo sac stage. The nuclei divide once again to produce eight 
nuclei which organize into 3-celled egg apparatus and 3 antipodal cells while 
remaining two fuse in the centre forming secondary nucleus (Fig. 2G). This 
type of embryo sac development is known as monosporic Polygonum type. 

The egg is vacuolate at the upper side, the cytoplasm being aggregated 
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Fig. 2. Boerhavia erecta. A-C. Stages in the development of the ovule. D. Megaspore mother 
cell. E. Megaspore tetrad. F. Enucleate embryo sac. G. Organised embryo sac. 


round the nucleus at the lower end. The synergids are pyriform in shape and 
are hooked. The nucleus lies towards the upper end of the synergid and at 
the lower side a vacuole is present. Secondary nucleus lies near the egg 
apparatus. Antipodals are three in number and are persistent up to the globular 
stage of embryo. 

Fertilization, endosperm and embryo. Fertilization is porogamous. The 
primary endosperm nucleus divides earlier than the zygote forming two nuclei 
which are scattered in the thin layer of cytoplasm around the periphery of the 
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Fig. 3. Boerhavia erecta. A-C. Stages in the development of endosperm. E-K. Stages in the 
development of embryo. 

greatly enlarged embryo sac (Fig. 3A, B). Cellularization starts at the 4-celled 
embryo stage and it is confined only to the micropylar region around the 
embryo (Fig. 3C, D), while the chalazal portion remains free nuclear. 

The first division in the zygote is by a transverse wall and leads to differ¬ 
entiation of an apical cell ca and a basal cell cb (Fig. 3E). The next division 
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takes place in the basal cell and is again transverse resulting in m and ci. 
Thus a filamentaous proembryo of three cells is formed (Fig. 3F). Another 
transverse division occurs in the cell ci resulting in n and n' and the proembryo 
becomes four-celled (Fig. 3G). 

The terminal cell ca undergoes two vertical divisions at right angles to 
each other forming quadrants q. This tier undergoes transverse division 
resulting in two tiers l and 

The destination of the tiers are as follows: The tier l gives rise to 
cotyledons and plumule, V forms upper part of hypocotyl, m gives rise to the 
lower part of hypocotyl and major part of root, n forms root apex and root 
cap and n' develops into a suspensor which is 8-12 cells in length (Fig. 3H-K). 
This type of embryo development is known as the Asterad type according to 
Johansen (1950). A suspensor is formed and no epiphysis is differentiated 
which is characteristic of the Polygonum variation of Asterad type. 

Discussion Male archesporium in Boerhavia erecta (present study) consists 
of only two cells which are in a single row. Similar situation has earlier been 
reported in B. diffusa by Maheshwari (1929) while Bhargava (1932) reported 
that in B. repanda male archesporium consists of a single row of 3-4 cells. 
Anther wall development in all the centrospermous families so far investigated 
is of the Monocotyledonous type. Anther tapetum in B. erecta is of the 
Glandular type which is the case with other members of the family Nyctagina- 
ceae. 

The ovule in the family Nyctaginaceae is quite variable. Woodcock (1929) 
describes single campylotropous ovule as occuring in both Mirabilis jalapa and 
Thelygonium cynocrambe. Maheshwari (1929) reports that there is a single 
basal anatropous ovule in Boerhavia diffusa. Bhargave (1932) also reported 
anatropous ovules in B. ropanda. But Kajale (1937) reported that the ovule 
in B. diffusa and B. repanda shows a distinct bend pointing towards campylo- 
tropy. He says, “ The figures of Maheshwari and Bhargava also show this 
clearly”. According to Cooper (1932) the ovule of Bougainvillea glabra is 
intermediate between campylotropous and anatropous condition. Anacampylo- 
tropous ovules have also been reported in Pisonia aculeata (Venkateswarlu 1947) 
and Oxybaphus nyctagineus (Rocen 1927, Cooper 1949) while campylotropous 
ovules have been recorded in Oxybaphus viscosus, 0. micranthus (Rocen 1927), 
Mirabilis multiflora, M. longiflora and Abronia umbellata (Rocen 1927). In 
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Boerhavia erecta (present study) ovule is campylotropous. 

The ovule is unitegmic in Boerhavia diffusa (Maneshwari 1929), B. repanda 
(Bhargava 1932), B. erecta (present study), Abronia umbellata (Rocen 1927) 
and Mirabilis jalapa (Rocen 1927, Woodcock 1929). It is bitegmic in Bougain¬ 
villea glabra, B. spectabilis (Cooper 1931, 1932), Oxybaphus nyctagineus, O. 
viscosus, O. micranthus, Mirabilis multiflora, M. longiflora (Rocen 1927) and 
Pisonia aculeata (Venkateswarlu 1947). 

Embryo sac development in the family Nyctaginaceae is of the monosporic 
Polygonum type. Such a type has been reported in Boerhavia diffusa 
(Maheshwari 1929), Mirabilis jalapa, Oxybaphus nyctagineus, 0. viscosus, 0. 
micranthus, Mirabilis multiflora, M. longiflora, Abronia umbellata (Rocen 
1927), Pisonia aculeata (Venkateswarlu 1947) and Boerhavia erecta (present 
study). 


References 

Anisimova, G. M. 1983. Nyctaginaceae. In M.S. Yakovlev (ed.) Comparitive 
embryology of flowering plants. Nauka, Leningrad. 13-16. Bhargava, H. R. 
1932. Contribution to the morphology of Boerhavia repanda. J. Indian Bot. Soc. 
11: 303-326. Cooper, D. C. 1931. Microsporogenesis in Bougainvillea glabra. 

Amer. J. Bot. 18: 337-358. - 1932. The anatomy and development of the 

floral organs of Bougainvillea glabra. Amer. J. Bot. 19:814-822. - 1949. 

Flower and seed development in Oxybaphus nyctagineus. Amer. J. Bot. 36 : 
348-355. Davis, G. L. 1966. Systematic embryology of the Angiosperms. 
John Wiley & Sons, New York. Johansen, D. A. 1950. Plant embryology. 
Waltham, Mass. Kajale, L. B. 1936. Embryo development in Boerhavia 

diffusa. Curr. Sci. 4: 743. - 1937. A case of polyembryony in the 

Nyctaginaceae. Curr. Sci. 5: 429. - 1938. Embryo and seed development 

in the Nyctaginaceae. I. Studies in the genus Boerhavia. J. Indian Bot. Soc. 
17: 243-254. Maheshwari, P. 1929. Contribution to the morphology of Boer¬ 
havia diffusa. I. J. Indian Bot. Soc. 8 : 219-234. Rocen, T. 1927. Zur Embryo- 
logie der Centrospermen. Diss. Uppsala. Venkateswarlu, J. 1947. A con¬ 
tribution to the embryology of Pisonia aculeata J. Indian Bot. Soc. 26 : 182— 
194. Woodcock, E. F. 1929. Seed studies in Nyctaginaceae. Papers Mich. 
Acad. Sci. Arts and Letters 9: 495-502. 


— 31 — 



224 


61 


WM 61 ^ 7 ft 


7 


* * * * 

/ a V VM Boerhavia erecta (Dftffl, K?L, KOtJjS^(fc4rI)1^7c 0 

glandular it'|>?) 0 < It isobilateral ”C&2>ds tetra¬ 

hedral O4©41?>tifco »* 2«Kift:,-ciJ[Hi$H5o 

j&Sdi, ^©IIL7 cW-»<1:&2>o Kftlt 1 £«©SSto©*»OEE8ai&So 

KiP**MS, mswmt&mm-e&Zo 


□r«f«® S&7 4 ~;v K W KJ : if M<D a ~)l f* ft 4 H # 2l2pp. 

1986. ifjgTU, jUj?;. ¥ 1,500. a £ 

$ r&ofco 5 i 5 l-&^7c©l*j£gp7c0: 

^■|,5o 128 D, 4 

^4^<0^fife5o #;*#, it 

S& E1 1' < od»©^WifeSlJ^fcJtt:*So i 

c 5 V' 5 4¥JC©^M'$Ki*5^ f £© 

□ Bfl-7 V *~~5' : SA • ®ttS«77/84 598pp. 1985. B^fT 

V-x*-y, ifCM- ¥19,000. 1977^51984^6 i!t-t:4CBKfcKltt 
MM»l9,ooot^, i S^Uti©-?, 

ft&tti JAPAN/MARC, NIPPON MARK, 0*£B*f£SflIJR, |Wf^?|, fflJK^SgT? 

9-38Mr^S^^50^lirM^5^, i^ 0 HHSUStSfi k |WJ 

litfjLJtli'il'O fc£;U£B*(#tO-m, 315^MA,"C 

tto V' < o% ©&t^ B 4r 4gBit L©TrM 

“Cl'S, 7c £ B*(flt&—t&fc) 

MtBL©TrilWc£;ft, i SrStfCV'So M©TO*©^-e, 

$*C,Haraefa/. (ed.) : OZEGAHARA 
(1982) lt^^7c57i:t' 0 Hifi VAN -V CAPTEN ©^rlffit', r- & 
x54 ©^-til©i ^RjfB^&ds Ka f-©« 

5d>foiVf)Vtl'o 

fr£tt£&S*£6$ 0 (£#&*) 


32 — 



